T his issue of the journal includes two papers discussing the extraordinary 90% decline in childhood deaths from diarrhea over the past four decades. Black and colleagues use an analytic tool to partition the contribution of the many advances made in diarrheal disease control, and outline programs and policies that have led to this public health success [1] . Wolfheim and colleagues recount the history of World Health Organization (WHO)' s Control of Diarrheal Diseases (CDD) program, which played a major role in this achievement [2] . Indeed, the number of deaths from diarrhea among children under age 5 years has dropped from more than 5 million per year to approximately 500 000, despite a growing population of children globally.
The cornerstone of the CDD program, and the breakthrough in clinical treatment, was the discovery of Oral Rehydration Therapy (ORT) and its introduction into child health programs worldwide. The original stimulus for the development of ORT was the recognition that while cases of severe dehydrating cholera could be treated with IV therapy in hospitals and clinics, many patients with diarrhea did not have access to health facilities, and many health facilities lacked the necessary supplies or trained personnel to deliver IV fluids. ORT was initially evaluated in cholera patients in hospitals and proven to be effective [3] . Subsequently ORT was tested and shown to be effective in diarrhea of all etiologies and in all ages. Other important components of the CDD program included the promotion of feeding during diarrhea (including continued breastfeeding for at least 6 months of life), and a robust research agenda supporting studies documenting the value of zinc in diarrhea treatment, early work on vaccines for the most severe common agents of diarrhea (rotavirus, typhoid, cholera, and shigella), and an emphasis on adequate nutrition.
In 1978, on the 10th anniversary of the discovery of ORT, and after 10 years of research on different formulations, strategies of program implementation, and massive training of health workers, the Lancet heralded the physiologic basis of ORT as "potentially the most important medical advance of this century" [4] . It was also a prime example of "reverse transfer of technology" [5] where novel treatments first tested and evaluated in developing countries were subsequently adopted and widely used in the United States Elimination of diarrheal mortality in children -the last half million (US) and other western countries. Even in the US, ORT studies were first conducted on the White Mountain Apache Indian reservation [6, 7] and went on to be recommended by the American Academy of Pediatrics and US Centers for Disease Control and Prevention for the routine treatment of diarrhea in American children [8] .
Other lessons were learned along the way. In the 1970s, standard practice for the treatment of diarrhea was to "rest the gut" and withhold regular feeding for several days after the onset of symptoms. This practice was found to aggravate the diarrhea-malnutrition-infection cycle. In the mid 1980s randomized trials of early feeding on the Apache Indian reservation [9] and subsequently in several countries [10, 11] demonstrated that continued feeding during diarrhea should be accepted as first line of treatment in all countries, including high income countries [8, 12, 13] .
In the 1970s and 1980s, more than 20 new pathogens were discovered to be causal agents of childhood diarrhea and rotavirus was soon crowned as the most common and severe pathogen. Studies of rotavirus documented solid natural immunity that developed following infections early in life, observations that laid down the challenge to develop vaccines that could imitate this immunity. Unlike many of the bacteria and parasites that were found in disease outbreaks and in unsanitary environments, rotavirus infected all children worldwide, so vaccines provided the only feasible strategy for prevention. Vaccine development followed a rocky road but in 2006, two live oral vaccines completed phase 3 clinical trials and were licensed for use. WHO recommended Rotateq (Merck) for global use in 2006 in countries with substantial childhood deaths from diarrhea and Rotarix (GSK) was added to the recommendation in 2009. GAVI came forward to purchase these vaccines for use in low-income countries (LICs), a decision that rapidly facilitated their uptake. By 2018, these vaccines had been introduced into the national immunization programs of more than 90 countries. Nevertheless, more than 50% of the world' s children still do not have access to rotavirus vaccine.
The impact to reduce hospitalizations for severe diarrhea was evident within 2 years of vaccine introduction and in several countries (eg, Mexico, Brazil, Bolivia, Honduras, Panama, Venezuela and Malawi), deaths from diarrhea decreased substantially following vaccine introduction [14] . Several new live oral vaccines have been introduced recently and others are in development. Therefore, there should be an adequate global supply soon. The global impact noted to date on mortality has been relatively small since introductions are still ongoing and vaccine coverage has been less than the levels reached for other childhood vaccines. However, surveillance of hospitalization in more than 60 countries has documented that rotavirus was responsible for an average of 36% of admissions before vaccine introduction suggesting that this vaccine could have a huge impact both on hospitalizations as well as the prevention of deaths. Newly licensed vaccines for cholera and typhoid are just becoming more widely available and could in the future further decrease the burden of these enteric pathogens.
In the 1990s, the CDD program merged with other WHO programs and eventually was blended into the Maternal, Newborn, Child and Adolescent Health Research and Development Team, mirroring the amalgamation of diarrhea management into the Integrated Management of Childhood Illness (IMCI) guidelines. While this integration was of course beneficial on many fronts, the program lost focus. In the 1980s, WHO' s CDD Program had 24 dedicated staff (12 of them technical) but with IMCI, no staff member has been specifically assigned to monitor and evaluate the diarrhea control program.
While the achievement of reducing childhood death due to diarrhea is commendable, the global community cannot rest on its laurels. Several observations point need to be considered to achieve greater control:
1. Despite the great decline in childhood deaths from diarrhea, the burden of childhood diarrhea deaths remains greatest in low-income countries of South Asia and Sub-Saharan Africa. This burden of deaths falls disproportionately on poorer communities within these countries, as well as among girls more than boys [15] .
2. Diarrhea illnesses are associated with other consequences including growth faltering that itself contributes to even more mortality and morbidity [16] , suboptimal neurodevelopment of the child [17] and health sequelae into adulthood [18] .
3. The ability to devise programs for the prevention and treatment of childhood diarrhea have relied upon the sustained and mutually respectful relationships between high-and low-and middle-in-come partners and scientists involved in collaborative research and clinical trials. Continuous support from the WHO, UNICEF, GAVI, many development agencies and NGOs have helped implement the scientific discoveries of ORT, zinc supplementation and novel vaccines. The impact of training programs, infrastructure support and local political engagement with country leaders and health administrators cannot be overestimated, as part of this success story, as well as the key role of multinational and government agencies.
Research and practice over the past 40 years have led to the introduction of rotavirus vaccine to reduce the incidence of severe childhood diarrhea, and treatment with ORT and zinc supplements. When used properly (and together with intravenous fluids for severe cases), these interventions should be able to prevent most diarrheal deaths. Other strategies for prevention and treatment of diarrhea are widely available and their aggressive implementation in the Global Action Plan for Pneumonia and Diarrhea (GAP-PD) will be critical to meet the Sustainable Development Goal of reducing under 5 mortality to less than 25 per 1000 live births. International funders need to ensure that adequate funding is provided to WHO and country programs to hire personnel, implement and monitor the GAPPD strategy.
Today, most diarrheal deaths can be prevented with rapid treatment. We hope that the lessons learned from the decades long fight against childhood diarrhea will be reignited to eliminate the last half million deaths. Failure to do so will result in the additional loss of another 5 million children due to diarrhea in the next decade.
